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Figure 1
Levels of recombinant optimized interferon-alpha (IFNa) secretion in vitro from
long-lasting IFNa formulations
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Figure 2
Levels of erythropoietin (EPO) secretion in vitro from long-lasting EPO
formulations
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Figure 3
Erythropoietin (EPO) expression levels in vitro from optimized
formulations comprising EPO-expressing gutless adenovirus and
micro-organs comprising EPO-expressing adenovirus-5
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Figure 4
Comparison of erythropoietin (EPQ) expression levels in vitro from
formulations comprising optimized and non-optimized EPO-
expressing gutless adenovirus
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Figure 5
Erythropoietin (EPO) expression levels in vitro from formulations
comprising EPO-expressing gutless adenovirus downstream of a CAG or
CMV promoter

14000
B HD CAG hEPQ 1.4x10*11
12000 Vol X L
—~ 10000 { D HD CMV hEPO 1.6x10°11 |__
> vp/mi
«©
3 I
o
£
o]
[+ 9
[1T]
=

12 15 19 22 26 33 40 47 54 61 71 82

Days post harvesting

5 8




U.S. Patent Oct. 13, 2015 Sheet 6 of 7 US 9,155,749 B2

Figure 6A
Levels of erythropoietin (EPO) and % hematocrit produced in vivo by SCID mice
with implanted formulations comprising micro-organs (A) and in vitro by non-
implanted formulations (B)

mmm mU/ml
I n vivo secretion (SCID#2) —o— Hematoerit

1000000 100

90

80

70

1000 -

mU/ml

. .8 .
% Hematpcril

1 A ) Lo
J A
prkg D, popd " kg Fgde i ap

AdenohEPO (MM) 1:10 amount | HD wt EPO 1:100 amount HD Opt EPO 1:100 amount Non transduced BP's
implanted 430 U implanted 280 U implanted 300 U

Time (Days from implantation)

ik




US 9,155,749 B2

Sheet 7 of 7

Oct. 13, 2015

U.S. Patent

Figure 6B

il

B Ad5 1:10 32C Transport

8 Ad5 1:10 32C

HDOPT CAG 1:100 32C

SIS I I ILI L IILSI S

B8 HD WT CAG 1:100 32C

s 4

. I——---.-:-:-
IS SIS LTSI STISSISESTI ST

.l_.._,.-..:--:---.--::::

B R

=15 7
e e e

R R RN
LIS LSS SLSSSSLLSS T,

10000

1000

T T

o —
—

100 -

(Aepw/n) 0d3y

Days post transduction




US 9,155,749 B2

1
LONG LASTING DRUG FORMULATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Patent Applica-
tion Ser. No. 60/844,351, filed on Sep. 14, 2006, which is
incorporated in its entirety herein by reference.

FIELD OF THE INVENTION

This invention is directed to long-lasting therapeutic for-
mulations comprising a genetically modified micro-organ
comprising a vector comprising a nucleic acid sequence
encoding a therapeutic polypeptide, such as erythropoietin or
interferon alpha, operably linked to one or more regulatory
sequences and their methods of use.

BACKGROUND OF THE INVENTION

Therapeutic agents can be delivered orally, transdermally,
by inhalation, by injection or by depot with slow release.
However, the method of delivery is limited by the processing
that the agent is subjected to in the recipient, by the require-
ment for frequent administration, and limitations on the size
of molecules that can be utilized. For some of the methods,
the amount of therapeutic agent varies between administra-
tions.

Protein production techniques which involve the sub-clon-
ing of'a desired nucleic acid sequence/fragment into a vector
which is subsequently used for modifying specific host cells,
which are meant to produce the desired protein for further
purification steps are limited in the amount of protein
expressed, protein secretion, post-translational modifications
(such as glycosylation and the accurate folding of the pro-
tein), etc. Moreover, even if a high-level of protein production
could be achieved, large quantities of the recombinant protein
must then be produced and purified to be free of contami-
nants. Development of a purification scheme is a very lengthy
process. And once purified recombinant protein has been
obtained, it must be further formulated to render it stable and
acceptable for introduction into animals or humans. Further-
more, even formulated, purified recombinant proteins have a
finite shelf life due to maintenance and storage limitations;
often requiring repeated purification and formulation of more
protein. The process of developing an appropriate formula-
tion is time consuming, difficult, and costly, as well.

Thus, there is a widely recognized need for long-lasting
protein-based therapeutic molecules that have the requisite
post-translational modifications to preserve their biological
activity, which are produced inexpensively and quickly with-
out the need for the laborious and costly methods typically
associated with obtaining high-levels of recombinant pro-
teins.

Some researchers have attempted to obtain in vivo expres-
sion of recombinant gene products via gene therapy. Typi-
cally viral vectors are used to transduce cells in vivo to
express recombinant gene products. These viral-based vec-
tors have advantageous characteristics, such as the natural
ability to infect the target tissue. However, retrovirus-based
vectors require integration within the genome of the target
tissue to allow for recombinant product expression (with the
potential to activate resident oncogenes) and can only be used
to transduce actively dividing tissues. Viral vectors are also
often no able to sustain long-term transgene expression,
which may be due at least in part to their elimination due to
secondary host immune responses.

10

15

20

25

30

35

40

45

50

55

60

65

2

Accordingly, there remains a need in the art for recombi-
nant gene product formulations that have consistently high
expression levels lasting for several weeks or more and for
methods of using those formulations to treat disease.

SUMMARY OF THE INVENTION

The invention provides, in one embodiment, a long-lasting
therapeutic formulation comprising a genetically modified
micro-organ, said micro-organ comprising a vector compris-
ing a nucleic acid sequence operably linked to one or more
regulatory sequences, wherein said nucleic acid sequence
encodes a therapeutic polypeptide and whereby said formu-
lation increases expression levels of said therapeutic polypep-
tide by more than 5% over basal level and said increase is
maintained for greater than one month. In one embodiment,
the vector is a helper-dependent adenovirus vector. In one
embodiment, the therapeutic polypeptide is erythropoietin,
while in another embodiment, the therapeutic polypeptide is
interferon alpha, which in one embodiment, is interferon
alpha 2b.

Inanother embodiment, the invention provides a method of
providing a therapeutic polypeptide to a subject in need over
a sustained period comprising providing one or more geneti-
cally modified micro-organs, said micro-organs comprising a
vector comprising a nucleic acid sequence operably linked to
one or more regulatory sequences; and implanting said
genetically modified micro-organ in said subject, wherein
said nucleic acid sequence encodes a therapeutic polypeptide
and whereby said formulation increases expression levels of
said therapeutic polypeptide by more than 5% over basal level
and said increase is maintained for greater than one month. In
one embodiment, the vector is a helper-dependent adenovirus
vector. In one embodiment, the therapeutic polypeptide is
erythropoietin, while in another embodiment, the therapeutic
polypeptide is interferon alpha, which in one embodiment, is
interferon alpha 2b. In another embodiment, the subject in
need is suffering from anemia. In another embodiment, the
subject in need is suffering from an infection. In another
embodiment, the subject in need is suffering from cancer.

In another embodiment, the invention provides a nucleic
acid sequence with greater than 85% homology to SEQ ID
No: 1, a vector comprising such a nucleic acid sequence, and
a cell comprising such as vector.

In another embodiment, the invention provides a nucleic
acid sequence with greater than 85% homology to SEQ ID
No: 2, a vector comprising such a nucleic acid sequence, and
a cell comprising such as vector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 presents levels of recombinant optimized human
interferon-alpha (IFNa) produced in vitro by the formula-
tions of the instant invention.

FIG. 2 presents levels of recombinant human erythropoi-
etin (HEPO) produced in vitro by the formulations of the
instant invention. HD-Ad-CAG-wt-hEPO GMMO titration
(A). Micro-organs were transduced with increasing dilutions
of HD-Ad-CAG-wt-hEPO virus: 1:25; 1:100; and 1:1000
dilutions. AdS/CMV/wt-hEPO was diluted to a working con-
centration of 1:10 and 1:50. A comparison between GMMOs
produced from two different skins, H-1 and H-2 (B). Micro-
organs were transduced with HD-Ad-CAG-wt-hEPO 1:25.
Bars indicate the HEPO concentration measured by ELISA in
the culture media that was collected and replaced every 3-4
days.
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FIG. 3 presents the percent of peak erythropoietin (EPO)
expression levels in vitro from optimized formulations com-
prising EPO-expressing gutless adenovirus and micro-organs
comprising EPO-expressing adenovirus-5. Micro-organs
were transduced with HD-Ad-CAG-hEPO at 1:25 or with
AdS/CMV/hEPO at 1:10.

FIG. 4 presents erythropoietin (EPO) expression levels in
vitro from formulations comprising optimized and non-opti-
mized EPO-expressing gutless adenovirus. Micro-organs
were transduced with a working dilution of 1:100 viral par-
ticles. Bars indicate the hEPO concentration measured by
ELISA in the culture media that was collected and replaced
every 3-4 days.

FIG. 5 presents erythropoietin (EPO) expression levels in
vitro from formulations comprising EPO-expressing gutless
adenovirus downstream of a CAG or CMV promoter.

FIG. 6 presents levels of recombinant human erythropoi-
etin produced in vivo in SCID mice (A) and in vitro (B) by the
formulations of the instant invention in vitro and the associ-
ated changes in hematocrit (A). Ten mice/group were
implanted subcutaneously with GMMOs. The hEPO levels
(mU/ml) and the corresponding % hematocrit that were mea-
sured in the serum of mice that were implanted with GMMOs
transduced with adenovirus-hEPO, helper-dependent aden-
ovirus-hEPO, and helper-dependent adenovirus-optimized
HEPO and with non-transduced GMMOs are presented.
Bleeds were done every 10 days (A). Hematocrit was mea-
sured by the centrifugation method and serum hEPO levels in
the blood were measured by a hEPO ELISA kit. Non-im-
planted GMMOs were maintained in culture and levels of
EPO were measured (B).

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

In some embodiments, the instant invention is directed to
long-lasting therapeutic formulations comprising a geneti-
cally modified, tissue-based micro-organ comprising a vector
comprising a nucleic acid sequence encoding a therapeutic
polypeptide, such as erythropoietin or interferon alpha, oper-
ably linked to one or more regulatory sequences and their
methods of use.

The invention provides, in one embodiment, a long-lasting
therapeutic formulation comprising a genetically modified
micro-organ, said micro-organ comprising a vector compris-
ing a nucleic acid sequence operably linked to one or more
regulatory sequences, wherein said nucleic acid sequence
encodes a therapeutic polypeptide and whereby the expres-
sion level of the therapeutic polypeptide is increased by more
than 5% over basal level and said increase is maintained for
greater than one month. In another embodiment, the expres-
sion level of the therapeutic polypeptide is increased by more
than 5% over basal level and said increase is maintained for
greater than six months.

In another embodiment, this invention provides a long-
lasting therapeutic formulation comprising a genetically
modified micro-organ, said micro-organ comprising a vector
comprising a nucleic acid sequence operably linked to one or
more regulatory sequences, wherein said nucleic acid
sequence encodes a therapeutic polypeptide and whereby the
expression level of the therapeutic polypeptide is increased
by more than 5% over basal level and said increase is main-
tained for greater than one month and wherein said vector is
a helper-dependent adenovirus vector.

In another embodiment, the invention provides a long-
lasting therapeutic formulation comprising a genetically
modified micro-organ, said micro-organ comprising a vector
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comprising a nucleic acid sequence operably linked to one or
more regulatory sequences, wherein said nucleic acid
sequence encodes a therapeutic polypeptide and whereby the
expression level of the therapeutic polypeptide is increased
by more than 5% over basal level and said increase is main-
tained for greater than one month in an immuno-competent
host.

In another embodiment, the invention provides a long-
lasting therapeutic formulation comprising a genetically
modified micro-organ, said micro-organ comprising a vector
comprising a nucleic acid sequence operably linked to one or
more regulatory sequences, whereby the expression level of
the therapeutic nucleic acid is increased by more than 5%
over basal levels. In one embodiment, the expression level of
the therapeutic nucleic acid is increased by more than 5%
over basal levels in an immuno-competent host, while in
another embodiment, said vector is a helper-dependent aden-
ovirus vector.

In one embodiment, the invention provides a long-lasting
therapeutic formulation and methods ofuse thereof where the
formulation comprises a genetically modified micro-organ.
In one embodiment, the term “micro-organ” as used herein,
refers in one embodiment, to an isolated tissue or organ struc-
ture derived from or identical to an explant that has been
prepared in a manner conducive to cell viability and function.
In one embodiment, a micro-organ maintains at least some in
vivo structures, or in another embodiment, interactions, simi-
lar to the tissues or organ from which itis obtained. In another
embodiment, micro-organs retain the micro-architecture and
the three dimensional structure of the tissue or organ from
which they were derived and have dimensions selected so as
to allow passive diffusion of adequate nutrients and gases to
cells within the micro-organ and diffusion of cellular waste
out of the cells of the micro-organ so as to minimize cellular
toxicity and concomitant cell death due to insufficient nutri-
tion and/or accumulation of waste. In one embodiment, a
micro-organ is a sliver of dermal tissue.

In one embodiment, a micro-organ is 1-2 mm in diameter
and 30-40 mm in length. In another embodiment, the diam-
eter of a micro-organ may be, for example, 1-3 mm, 1-4 mm,
2-4 mm, 0.5-3.5 mm, or 1.5-10 mm. In another embodiment
the diameter of a micro-organ may be, for example, approxi-
mately 2 mm or approximately 1.5 mm. In another embodi-
ment, the length of the micro-organ may be 5-100 mm, 10-60
mm, 20-60 mm, 20-50 mm, 20-40 mm, 20-100 mm, 30-100
mm, 40-100 mm, 50-100 mm, 60-100 mm, 70-100 mm,
80-100 mm, or 90-100 mm. In another embodiment, the
length of the micro-organ may be approximately 20 mm,
approximately 30 mm, approximately 40 mm, or approxi-
mately 50 mm. In one embodiment, a micro-organ is smaller
than 1.5 cm?, and in another embodiment, less than 1 cm?. In
another embodiment, the diameter is less than 1.5 cm?, and in
another embodiment, the length is less than 1.5 cm.

In one embodiment, a micro-organ is an explant. In one
embodiment, a micro-organ is tissue-derived. In another
embodiment, a micro-organ is a section or portion or partof a
tissue. In another embodiment, a micro-organ is a section or
portion or part of an organ. A micro-organ can be distin-
guished from a skin graft, in one embodiment, in that it is
specifically designed to survive for long periods of time in
vivo and in vitro and, in another embodiment, in that its
dimensions are specifically selected so as to allow passive
diffusion of adequate nutrients and gases to cells within the
micro-organ and diffusion of cellular waste out of the cells of
the micro-organ, which in one embodiment minimizes cellu-
lar toxicity and concomitant cell death due to insufficient
nutrition and/or accumulation of waste. Thus, in one embodi-
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ment, a micro-organ is not a skin graft. In another embodi-
ment, a micro-organ can be distinguished from a collection of
isolated cells, which in one embodiment, are grown on a
natural or artificial scatfold, in that micro-organs maintain the
micro-architecture and the three dimensional structure of the
tissue or organ from which they were derived. Thus, in one
embodiment, a micro-organ is not one or more cell types
grown on a scaffold.

A detailed description of micro-organs can be found in
US-2003-0152562, which is incorporated herein by reference
in its entirety.

Earlier patents (WO 03/006669, WO 03/035851, WO
04/099363, which are incorporated herein by reference)
described micro-organs, which can be modified to express a
gene product of interest, that may be sustained outside the
body in an autonomously functional state for an extended
period of time, and may then be implanted subcutaneously or
in other locations within the body for the purpose of treating
diseases or disorders. However, the micro-organs of the
present invention unexpectedly showed a much longer-term
expression profile of a gene product of interest in vitro and in
vivo.

As used herein, the term “explant” refers, in one embodi-
ment, to atissue or organ or a portion thereof removed from its
natural growth site in an organism and placed in a culture
medium for a period of time. In one embodiment, the tissue or
organ is viable, in another embodiment, metabolically active,
or a combination thereof.

Asused herein, the term “microarchitecture” refers, in one
embodiment, to a characteristic of the explant in which some
or all of the cells of the tissue explant maintain, in vitro,
physical and/or functional contact with at least one cell or
non-cellular substance with which they were in physical and/
or functional contact in vivo.

In another embodiment, micro-organ explants maintain the
three-dimensional structure of the tissue or organ from which
they were derived. In one embodiment, micro-organ explants
retain the spatial interactions, e.g. cell-cell, cell-matrix and
cell-stromal interactions, and the orientation of the tissue
from which they were derived. In one embodiment, preser-
vation of spatial interactions such as described above permit
the maintenance of biological functions of the explant, such
as secretion of autocrine and paracrine factors and other
extracellular stimuli, which in one embodiment, provide long
term viability to the explant. In one embodiment, at least
some of the cells of the micro-organ explant maintain, in
vitro, their physical and/or functional contact with at least one
cell or non-cellular substance with which they were in physi-
cal and/or functional contact in vivo. In one embodiment,
some of the cells refers to at least about 50%, in another
embodiment, at least about 60%, in another embodiment at
least about 70%, in another embodiment, at least about 80%,
and in another embodiment, at least about 90% or more of the
cells of the population. In another embodiment, the cells of
the explant maintain at least one biological activity of the
organ or tissue from which they are isolated.

In some embodiments, any of the formulation of this inven-
tion will comprise a genetically modified micro-organ, in any
form or embodiment as described herein. In some embodi-
ments, any of the formulations of this invention will consist of
a genetically modified micro-organ, in any form or embodi-
ment as described herein. In some embodiments, of the com-
positions of this invention will consist essentially of a geneti-
cally modified micro-organ, in any form or embodiment as
described herein. In some embodiments, the term “comprise”
refers to the inclusion of the indicated active agent, such as the
genetically modified micro-organ, as well as inclusion of
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other active agents, and pharmaceutically acceptable carriers,
excipients, emollients, stabilizers, etc., as are known in the
pharmaceutical industry. In some embodiments, the term
“consisting essentially of” refers to a composition, whose
only active ingredient is the indicated active ingredient, how-
ever, other compounds may be included which are for stabi-
lizing, preserving, etc. the formulation, but are not involved
directly in the therapeutic effect of the indicated active ingre-
dient. In some embodiments, the term “consisting essentially
of” may refer to components which facilitate the release of the
active ingredient. In some embodiments, the term “consist-
ing” refers to a composition, which contains the active ingre-
dient and a pharmaceutically acceptable carrier or excipient.

Similarly, in some embodiments, the vector of and for use
in the methods of the present invention comprise a nucleic
acid sequence operably linked to one or more regulatory
sequences, wherein said nucleic acid sequence encodes a
therapeutic polypeptide. In another embodiment, the vector
consists essentially of such a nucleic acid sequence, and in
another embodiment, the vector consists of such a nucleic
acid sequence.

Examples of mammals from which the micro-organs can
beisolated include humans and other primates, swine, such as
wholly or partially inbred swine (e.g., miniature swine, and
transgenic swine), rodents, etc. Micro-organs may be pro-
cessed from tissue from a variety of organs, which in one
embodiment is the skin, the dermis, the lymph system, the
pancreas, the liver, the gallbladder, the kidney, the digestive
tract, the respiratory tract, the reproductive system, the uri-
nary tract, the blood, the bladder, the cornea, the prostate, the
bone marrow, the thymus, the spleen, or a combination
thereof. Explants from these organs may comprise islet of
Langerhan cells, hair follicles, glands, epithelial and connec-
tive tissue cells, or a combination thereof arranged in a
microarchitecture similar to the microarchitecture of the
organ from which the explant was obtained. In one embodi-
ment, the microarchitecture of the organ from which the
explant was obtained may be discerned or identified in the
micro-organ explant using materials, apparati, and/or meth-
ods known in the art.

In one embodiment, the present invention provides a for-
mulation and methods of use thereof comprising a genetically
modified micro-organ. In one embodiment, the term “geneti-
cally modified micro-organ” or “GMMO” refers to a micro-
organ that expresses at least one recombinant gene product. In
other embodiments, reference to a micro-organ does not nec-
essarily refer to a non-genetically modified micro-organ, but
may also refer in some instances to a genetically modified
micro-organ as will be clear from the context to one of skill in
the art. In one embodiment, the phrase “gene product” refers
to proteins, polypeptides, peptides and functional RNA mol-
ecules. In one embodiment, the gene product encoded by the
nucleic acid molecule is the desired gene product to be sup-
plied to a subject. Examples of such gene products include
proteins, peptides, glycoproteins and lipoproteins normally
produced by cells of the recipient subject. In one embodi-
ment, the gene product is not naturally occurring in the organ-
ism from which the micro-organ was harvested and/or in the
organism in which the GMMO is implanted, while in another
embodiment, the gene product is naturally occurring. In one
embodiment, the gene product of the GMMO is similar or
identical to a gene product endogenously expressed by one or
more cells of the micro-organ. In one embodiment, genetic
modification increases the level of a gene product that would
be produced in a non-genetically modified micro-organ. In
another embodiment, the gene product expressed by the
GMMO is not similar or identical to a gene product endog-
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enously expressed by one or more cells of the micro-organ. In
another embodiment, the gene product encoded by the
nucleic acid molecule encodes a molecule that directly or
indirectly controls expression of a gene of interest. In another
embodiment, the gene product encoded by the nucleic acid
molecule upregulates or down-regulates the expression levels
of the desired gene product to be supplied to a subject.

In another embodiment, genetic modification of a micro-
organ may modify the expression profile of an endogenous
gene. This may be achieved, for example, by introducing an
enhancer, or a repressible or inducible regulatory element for
controlling the expression of an endogenous gene.

Any methodology known in the art can be used for geneti-
cally altering the micro-organ explant. Any one of a number
of different vectors can be used, such as viral vectors, plasmid
vectors, linear DNA, etc., as known in the art, to introduce an
exogenous nucleic acid fragment encoding a therapeutic
agent into target cells and/or tissue. These vectors can be
inserted, for example, using infection, transduction, transfec-
tion, calcium-phosphate mediated transfection, DEAE-dext-
ran mediated transfection, electroporation, liposome-medi-
ated transfection, biolistic gene delivery, liposomal gene
delivery using fusogenic and anionic liposomes (which are an
alternative to the use of cationic liposomes), direct injection,
receptor-mediated uptake, magnetoporation, ultrasound, or
any combination thereof, as well as other techniques known
in the art (for further detail see, for example, “Methods in
Enzymology” Vol. 1-317, Academic Press, Current Protocols
in Molecular Biology, Ausubel F. M. et al. (eds.) Greene
Publishing Associates, (1989) and in Molecular Cloning: A
Laboratory Manual, 2nd Edition, Sambrook et al. Cold
Spring Harbor Laboratory Press, (1989), or other standard
laboratory manuals). The polynucleotide segments encoding
sequences of interest can be ligated into an expression vector
system suitable for transducing mammalian cells and for
directing the expression of recombinant products within the
transduced cells. The introduction of the exogenous nucleic
acid fragment is accomplished by introducing the vector into
the vicinity of the micro-organ. Once the exogenous nucleic
acid fragment has been incorporated into the cells using any
of the techniques described above or known in the art, the
production and/or the secretion rate of the therapeutic agent
encoded by the nucleic acid fragment can be quantified. In
one embodiment, the term “exogenous” refers to a substance
that originated outside, for example a nucleic acid that origi-
nated outside of a cell or tissue.

In one embodiment, a micro-organ of the formulation and
methods of the present invention comprises a vector, which in
one embodiment, facilitates recombinant gene expression. In
one embodiment, the vector is a non-immunogenic gene
transfer agent such as a nonviral vector (e.g. DNA plasmids or
minicircle DNA), a “gutless” viral vector i.e. without endog-
enous genes (which in one embodiment, is due to a deletion,
while in another embodiment, due to an insertion, substitu-
tion or deletion in a gene that prevents gene expression), a
helper-dependent adenovirus (HDAJ) vector, or adeno asso-
ciated virus AAV (which in one embodiment is single
stranded and in another embodiment, double stranded). In
another embodiment, said formulation is so chosen such that
recombinant gene expression results in lack of toxicity or
immune-mediated rejection of the gene product by the micro-
organ. In one embodiment, the vector is virally derived, and in
another embodiment, the vector is a plasmid. In one embodi-
ment, the virally-derived vector is derived from adenovirus,
which in one embodiment, is helper-dependent adenovirus,
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while in another embodiment, the virally-derived vector is
derived from adenovirus-associated vector, as is described
hereinbelow.

In one embodiment, the term “vector” or “expression vec-
tor” refers to a carrier molecule into which a nucleic acid
sequence can be inserted for introduction into a cell where it
can be replicated. In one embodiment, the nucleic acid mol-
ecules are transcribed into RNA, which in some cases are then
translated into a protein, polypeptide, or peptide. In other
cases, RNA sequences are not translated, for example, in the
production of antisense molecules or ribozymes. In one
embodiment, expression vectors can contain a variety of
“control sequences” which refer to nucleic acid sequences
necessary for the transcription and possibly translation of an
operably linked coding sequence in a particular host cell. In
another embodiment, a vector further includes an origin of
replication. In one embodiment the vector may be a shuttle
vector, which in one embodiment can propagate both in
prokaryotic and eukaryotic cells, or in another embodiment,
the vector may be constructed to facilitate its integration
within the genome of an organism of choice. The vector, in
other embodiments may be, for example, a plasmid, a bacmid,
a phagemid, a cosmid, a phage, a virus or an artificial chro-
mosome. In one embodiment, the vector is a viral vector,
which in one embodiment may be a bacteriophage, mamma-
lian virus, or plant virus.

In one embodiment, the viral vector is an adenoviral vector.
In another embodiment, the adenovirus may be of any known
serotype or subgroup.

In one embodiment, some advantages of using an adenovi-
ral vector as a gene transfer vector are: its mid-sized genome,
ease of manipulation, high titer, wide target-cell range and
high infectivity. Both ends of the adenoviral genome contain
100-200 base pair inverted repeats (ITRs), which are cis
elements necessary for viral DNA replication and packaging.
The early (E) and late (L) regions of the genome contain
different transcription units that are divided by the onset of
viral DNA replication. The E1 region (E1A and E1B) encodes
proteins responsible for the regulation of transcription of the
viral genome and a few cellular genes. The expression of the
E2 region (E2A and E2B) results in the synthesis of the
proteins for viral DNA replication. These proteins are
involved in DNA replication, late gene expression and host
cell shut-off. The products of the late genes, including the
majority of the viral capsid proteins, are expressed only after
significant processing of a single primary transcript issued by
the major late promoter (MLP). The MLP, (located at 16.8
m.u.) is particularly efficient during the late phase of infec-
tion, and all the mRNAs issued from this promoter possess a
S'-tripartite leader (TPL) sequence which makes them pre-
ferred mRNAs for translation.

In another embodiment, the adenoviral vector is a helper-
dependent adenoviral vector, which in another embodiment,
is synonymous with gutless, gutted, mini, fully deleted, high-
capacity, A, or pseudo adenovirus, and which in another
embodiment are deleted of all viral coding sequences except
for sequences supporting DNA replication, which in one
embodiment, comprise the adenovirus inverted terminal
repeats and packaging sequence (). In another embodiment,
helper-dependent adenoviruses express no viral proteins. In
one embodiment, a helper-dependent adenoviral vector com-
prises only the cis-acting elements of the adenovirus required
to replicate and package the vector DNA. In one embodiment,
a helper-dependent adenoviral vector comprises approxi-
mately 500 bp of wild-type adenovirus sequence. In another
embodiment, the adenoviral vector additionally comprises
stuffer DNA to meet the minimum requirement for a genome
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size of 27.7 kb, which in one embodiment is required for
efficient packaging into the adenovirus capsid. In one
embodiment, non-coding mammalian DNA, with minimal
repeat sequences, is used as stuffer DNA. In another embodi-
ment, stuffer DNA comprises non-mammalian DNA, which
in one embodiment, is HPRT and/or C346 cosmid sequences.

In one embodiment, helper-dependent adenoviruses dis-
play high-efficiency in vivo transduction, high-level trans-
gene expression, are able to maintain long-term transgene
expression, in one embodiment, by avoiding chronic toxicity
due to residual expression of viral proteins, or a combination
thereof. In another embodiment, helper-dependent adenovi-
ruses have high titer production, efficient infection of a broad
range of cell types, the ability to infect dividing and nondi-
viding cells, or a combination thereof. In another embodi-
ment, a helper-dependent adenovirus for use in the methods
of the instant invention does not induce a strong adaptive
immune response to an implanted micro-organ, which in one
embodiment, is characterized by the generation of adeno-
specific MHC class I restricted CD8 cytotoxic T lymphocytes
(CTL) in immunocompetent hosts, which in one embodi-
ment, would limit the duration of transgene expression and in
another embodiment, would result in adenovirus vector clear-
ance within several weeks. In another embodiment, a helper-
dependent adenovirus for use in the methods of the instant
invention does not induce high cytotoxic T cell levels (as may
be measured in one embodiment by positive CDS staining, as
is known in the art), and, in another embodiment, does not
induce high helper T cell levels (as may be measured in one
embodiment by positive CD4 stain, as is known in the art).

In another embodiment, helper-dependent adenoviruses
have a lower risk of germ line transmission and insertional
mutagenesis that may cause oncogenic transformation,
because the vector genome does not integrate into the host
cell chromosomes. In one embodiment, the cloning capacity
of helper-dependent adenoviruses is very large (in one
embodiment, approximately 37 kb, in another embodiment,
approximately 36 kb), allowing for the delivery of whole
genomic loci, multiple transgenes, and large cis-acting ele-
ments to enhance, prolong, and regulate transgene expres-
sion.

In one embodiment, the helper-dependent adenovirus sys-
tem for use with the compositions and in the methods of the
present invention is similar to that described in Palmer and
Ng, 2003 (Mol Ther 8:846) and in Palmer and Ng, 2004 (Mol
Ther 10:792), which are hereby incorporated herein by ref-
erence in their entirety. In one embodiment, there is a stuffer
sequence inserted into the E3 region of the helper virus com-
ponent of the helper-dependent adenovirus system to mini-
mize recombination between the helper adenovirus and the
helper-dependent adenovirus to produce replication compe-
tent adenovirus.

In one embodiment, formulations of the instant invention
comprising helper-dependent adenoviral vectors demonstrate
long-term, high in vitro (FIGS. 1, 2, and 6B) and in vivo (FIG.
6A) expression levels of EPO and IFN-alpha. In another
embodiment, formulations of the instant invention compris-
ing helper-dependent adenoviral vectors demonstrate an
increased percent of peak EPO expression levels for at least
100 days post-transduction compared to micro-organs com-
prising adenovirus-5 (FIG. 3). Without being bound by
theory, one factor that may contribute to the long-lasting, high
levels of gene product from micro-organs of the instant inven-
tion is use of a helper-dependent adenovirus vector, which is
non-toxic to tissue and non-immunogenic within the formu-
lations of the present invention.
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In another embodiment, the adenoviral vector is E1-de-
leted, while in another embodiment, the adenoviral vector
additionally comprises deletions for E2, E3, E4, or a combi-
nation thereof.

In another embodiment, the viral vector is an adeno-asso-
ciated viral vector (AAV). In one embodiment, AAV is a
parvovirus, discovered as a contamination of adenoviral
stocks. It is a ubiquitous virus (antibodies are present in 85%
of'the US human population) that has not been linked to any
disease. It is also classified as a dependovirus, because its
replication is dependent on the presence of a helper virus,
such as adenovirus. At least nine serotypes have been iso-
lated, of which AAV-2 is the best characterized. AAV has a
single-stranded linear DNA that is encapsidated into capsid
proteins VP1, VP2 and VP3 to form an icosahedral virion of
20 to 24 nm in diameter.

In one embodiment, the AAV DNA is approximately 4.7
kilobases long. In one embodiment, it contains two open
reading frames and is flanked by two ITRs. There are two
major genes in the AAV genome: rep and cap. The rep gene
codes for proteins responsible for viral replications, whereas
cap codes for capsid protein VP1-3. Each ITR forms a
T-shaped hairpin structure. These terminal repeats are the
only essential cis components of the AAV for chromosomal
integration. Therefore, in one embodiment, the AAV can be
used as a vector with all viral coding sequences removed and
replaced by the cassette of genes for delivery.

In one embodiment, when using recombinant AAV (rAAV)
as an expression vector, the vector comprises the 145-bp
ITRs, which are only 6% of the AAV genome, which in one
embodiment, leaves space in the vector to assemble a 4.5-kb
DNA insertion.

In one embodiment, AAV is safe in that it is not considered
pathogenic nor is it associated with any disease. The removal
of viral coding sequences minimizes immune reactions to
viral gene expression, and therefore, rAAV evokes only a
minimal inflammatory response, if any. In another embodi-
ment, AAV vector is double-stranded, while in another
embodiment, AAV vector is self-complementary, which in
one embodiment, bypasses the requirement of viral second-
strand DNA synthesis, which in one embodiment, results in
early transgene expression.

In another embodiment, the viral vector is a retroviral
vector. The retroviruses are a group of single-stranded RNA
viruses characterized by an ability to convert their RNA to
double-stranded DNA in infected cells by a process of
reverse-transcription. The resulting DNA then stably inte-
grates into cellular chromosomes as a provirus and directs
synthesis of viral proteins. The integration results in the reten-
tion of the viral gene sequences in the recipient cell and its
descendants. The retroviral genome contains three genes,
gag, pol, and env that code for capsid proteins, polymerase
enzyme, and envelope components, respectively. A sequence
found upstream from the gag gene contains a signal for pack-
aging of the genome into virions. Two long terminal repeat
(LTR) sequences are present at the 5' and 3' ends of the viral
genome. These contain strong promoter and enhancer
sequences and are also required for integration in the host cell
genome.

In order to construct a retroviral vector in one embodiment,
anucleic acid encoding one or more oligonucleotide or poly-
nucleotide sequences of interest is inserted into the viral
genome in the place of certain viral sequences to produce a
virus that is replication-defective. In order to produce virions,
a packaging cell line containing the gag, pol, and env genes
but without the LTR and packaging components is con-
structed. When a recombinant plasmid containing a cDNA,
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together with the retroviral LTR and packaging sequences is
introduced into this cell line (by calcium phosphate precipi-
tation, for example), the packaging sequence allows the RNA
transcript of the recombinant plasmid to be packaged into
viral particles, which are then secreted into the culture media.
The media containing the recombinant retroviruses is then
collected, optionally concentrated, and used for gene transfer.
Retroviral vectors are able to infect a broad variety of cell
types. However, integration and stable expression require the
division of host cells.

In other embodiments, the viral vector is derived from a
virus such as vaccinia virus, lentivirus, polio virus, hepatitis
virus, papilloma virus, cytomegalovirus, simian virus, or her-
pes simplex virus.

In certain embodiments of the invention, the vector com-
prising a nucleic acid sequence may comprise naked recom-
binant DNA or plasmids. Transfer of the construct may be
performed by any method which physically or chemically
permeabilizes the cell membrane. In one embodiment, the
vector is a mini-circle DNA, which in one embodiment, is a
supercoiled DNA molecule for non-viral gene transfer, which
has neither a bacterial origin of replication nor an antibiotic
resistance marker. In another embodiment, mini-circle DNA
comprises no bacterial control regions from gene delivery
vectors during the process of plasmid production. They are
thus smaller and potentially safer than other plasmids used in
gene therapy. In one embodiment, mini-circle DNA produce
high yield, are simple to purify, and provide robust and per-
sistent transgene expression.

Construction of vectors using standard recombinant tech-
niques is well known in the art (see, for example, Maniatis, et
al., Molecular Cloning, A Laboratory Manual (Cold Spring
Harbor, 1990) and Ausubel, et al., 1994, Current Protocols in
Molecular Biology (John Wiley & Sons, 1996), both incor-
porated herein by reference).

In another embodiment, a vector further comprises an
insertion of a heterologous nucleic acid sequence encoding a
marker polypeptide. The marker polypeptide may comprise,
for example, yECitrine, green fluorescent protein (GFP), DS-
Red (red fluorescent protein), secreted alkaline phosphatase
(SEAP), [p-galactosidase, chloramphenicol acetyl trans-
ferase, luciferase, GFP/EGFP, human growth hormone, or
any number of other reporter proteins known to one skilled in
the art.

In another embodiment, the vectors may comprise one or
more genes of interest. Thus, in one embodiment, a vector of
the instant invention may comprise a gene of interest, which
in one embodiment, is erythropoietin or interferon alpha2b,
which in one embodiment, expresses a marker, and in another
embodiment, is linked in frame to a marker, which in one
embodiment allows identification of the gene product of
interest and in another embodiment, allows the distinction
between a gene product of interest produced by a micro-organ
and a similar gene product produced endogenously by host
cells outside of the micro-organ(s).

In one embodiment, a vector comprising a nucleic acid
encoding a therapeutic polypeptide of the instant invention is
introduced into a micro-organ. There are a number of tech-
niques known in the art for introducing cassettes and/or vec-
tors into cells, for affecting the methods of the present inven-
tion, such as, but not limited to: direct DNA uptake
techniques, and virus, plasmid, linear DNA or liposome
mediated transduction, receptor-mediated uptake and magne-
toporation methods employing calcium-phosphate mediated
and DEAE-dextran mediated methods of introduction, elec-
troporation or liposome-mediated transfection, (for further
detail see, for example, “Methods in Enzymology” Vol.
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1-317, Academic Press, Current Protocols in Molecular Biol-
ogy, Ausubel F. M. et al. (eds.) Greene Publishing Associates,
(1989) and in Molecular Cloning: A Laboratory Manual, 2nd
Edition, Sambrook et al. Cold Spring Harbor Laboratory
Press, (1989), or other standard laboratory manuals).

In one embodiment, bombardment with nucleic acid
coated particles may be a method for transferring a naked
DNA expression construct into cells. This method depends on
the ability to accelerate DNA-coated micro-projectiles to a
high velocity allowing them to pierce cell membranes and
enter cells without killing them. Several devices for acceler-
ating small particles have been developed. One such device
relies on a high voltage discharge to generate an electrical
current, which in turn provides the motive force. The micro-
projectiles used have comprised biologically inert or biocom-
patible substances such as tungsten or gold beads. It is to be
understood that any of these methods may be utilized for
introduction of the desired sequences into cells, and cells
thereby produced are to be considered as part of this inven-
tion, as is their use for eftfecting the methods of this invention.

In one embodiment, the vectors of the formulations and
methods of the instant invention comprise a nucleic acid
sequence. As used herein, the term “nucleic acid” refers to
polynucleotide or to oligonucleotides such as deoxyribo-
nucleic acid (DNA), and, where appropriate, ribonucleic acid
(RNA) or mimetic thereof. The term should also be under-
stood to include, as equivalents, analogs of RNA or DNA
made from nucleotide analogs, and, as applicable to the
embodiment being described, single (sense or antisense) and
double-stranded polynucleotide. This term includes oligo-
nucleotides composed of naturally occurring nucleobases,
sugars and covalent internucleoside (backbone) linkages as
well as oligonucleotides having non-naturally-occurring por-
tions which function similarly. Such modified or substituted
oligonucleotides are often preferred over native forms
because of desirable properties such as, for example,
enhanced cellular uptake, enhanced affinity for nucleic acid
target and increased stability in the presence of nucleases.

In one embodiment, the term “nucleic acid” or “oligo-
nucleotide” refers to a molecule, which may include, but is
not limited to, prokaryotic sequences, eukaryotic mRNA,
cDNA from eukaryotic mRNA, genomic DNA sequences
from eukaryotic (e.g., mammalian) DNA, and even synthetic
DNA sequences. The term also refers to sequences that
include any of the known base analogs of DNA and RNA.

The nucleic acids can be produced by any synthetic or
recombinant process, which are well known in the art.
Nucleic acids can further be modified to alter biophysical or
biological properties by means of techniques known in the
art. For example, the nucleic acid can be modified to increase
its stability against nucleases (e.g., “end-capping™), or to
modify its solubility, or binding affinity to complementary
sequences. These nucleic acids may comprise the vector, the
expression cassette, the promoter sequence, the gene of inter-
est, or any combination thereof. In another embodiment, its
lipophilicity may be modified, which, in turn, will reflect
changes in the systems employed for its delivery, and in one
embodiment, may further be influenced by whether such
sequences are desired for retention within, or permeation
through the skin, or any of’its layers. Such considerations may
influence any compound used in this invention, in the meth-
ods and systems described.

In one embodiment, DNA can be synthesized chemically
from the four nucleotides in whole or in part by methods
known in the art. Such methods include those described in
Caruthers (1985; Science 230:281-285). DNA can also be
synthesized by preparing overlapping double-stranded oligo-
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nucleotides, filling in the gaps, and ligating the ends together
(see, generally, Sambrook et al. (1989; Molecular Clon-
ing—A Laboratory Manual, 2nd Edition. Cold Spring
Habour Laboratory Press, New York)). In another embodi-
ment, inactivating mutations may be prepared from wild-type
DNA by site-directed mutagenesis (see, for example, Zoller
et al. (1982; DNA. 1984 December; 3(6):479-88); Zoller
(1983); and Zoller (1984; DNA. 1984 December; 3(6):479-
88); McPherson (1991; Directed Mutagenesis: A Practical
Approach. Oxford University Press, NY)). The DNA
obtained can be amplified by methods known in the art. One
suitable method is the polymerase chain reaction (PCR)
method described in Saiki et al. (1988; Science. 1988 Jan. 29;
239(4839):487-491), Mullis et al., U.S. Pat. No. 4,683,195,
and Sambrook et al. (1989).

Methods for modifying nucleic acids to achieve specific
purposes are disclosed in the art, for example, in Sambrook et
al. (1989). Moreover, the nucleic acid sequences of the inven-
tion can include one or more portions of nucleotide sequence
that are non-coding for the protein of interest. Variations in
DNA sequences, which are caused by point mutations or by
induced modifications (including insertion, deletion, and
substitution) to enhance the activity, half-life or production of
the polypeptides encoded thereby, are also encompassed in
the invention.

The formulations of this invention may comprise nucleic
acids, in one embodiment, or in another embodiment, the
methods of this invention may include delivery of the same,
wherein, in another embodiment, the nucleic acid is a part of
a vector.

The efficacy of a particular expression vector system and
method of introducing nucleic acid into a cell can be assessed
by standard approaches routinely used in the art as described
hereinbelow.

As will be appreciated by one skilled in the art, a fragment
or derivative of a nucleic acid sequence or gene that encodes
for a protein or peptide can still function in the same manner
as the entire wild type gene or sequence. Likewise, forms of
nucleic acid sequences can have variations as compared to
wild type sequences, nevertheless encoding the protein or
peptide of interest, or fragments thereof, retaining wild type
function exhibiting the same biological effect, despite these
variations. Each of these represents a separate embodiment of
this present invention.

In one embodiment, the formulations and methods of the
present invention may be used for gene silencing applica-
tions. In one embodiment, the activity or function of a par-
ticular gene is suppressed or diminished, via the use of anti-
sense oligonucleotides, which are chimeric molecules,
containing two or more chemically distinct regions, each
made up of at least one nucleotide.

In one embodiment, chimeric oligonucleotides comprise at
least one region wherein the oligonucleotide is modified so as
to confer upon the oligonucleotide an increased resistance to
nuclease degradation, increased cellular uptake, and/or
increased binding affinity for the target polynucleotide. An
additional region of the oligonucleotide may serve as a sub-
strate for enzymes capable of cleaving RNA:DNA or RNA:
RNA hybrids, which according to this aspect of the invention,
serves as a means of gene silencing via degradation of specific
sequences. Cleavage of the RNA target can be routinely
detected by gel electrophoresis and, if necessary, associated
nucleic acid hybridization techniques known in the art.

The chimeric antisense oligonucleotides may, in one
embodiment, be formed as composite structures of two or
more oligonucleotides and/or modified oligonucleotides, as
is described in the art (see, for example, U.S. Pat. Nos. 5,013,
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830; 5,149,797, 5,220,007, 5,256,775, 5,366,878; 5,403,711,
5,491,133, 5,565,350, 5,623,065; 5,652,355; 5,652,356; and
5,700,922), and may, in another embodiment, comprise a
ribozyme sequence.

Inhibition of gene expression, activity or function is
effected, in another embodiment, via the use of small inter-
fering RNAs, which provides sequence-specific inhibition of
gene expression. Administration of double stranded/duplex
RNA (dsRNA) corresponding to a single gene in an organism
can silence expression of the specific gene by rapid degrada-
tion of the mRNA in affected cells. This process is referred to
as gene silencing, with the dsRNA functioning as a specific
RNA inhibitor (RNAi). RNAi may be derived from natural
sources, such as in endogenous virus and transposon activity,
or it can be artificially introduced into cells (Elbashir S M, et
al (2001). Nature 411:494-498) via microinjection (Fire et al.
(1998) Nature 391: 806-11), or by transformation with gene
constructs generating complementary RNAs or fold-back
RNA, or by other vectors (Waterhouse, P. M., et al. (1998).
Proc. Natl. Acad. Sci. USA 95, 13959-13964 and Wang, Z.., et
al. (2000). J. Biol. Chem. 275, 40174-40179). The RNAi
mediating mRNA degradation, in one embodiment, com-
prises duplex or double-stranded RNA, or, in other embodi-
ments, include single-stranded RNA, isolated RNA (partially
purified RNA, essentially pure RNA, synthetic RNA, recom-
binantly produced RNA), as well as altered RNA that differs
from naturally occurring RNA by the addition, deletion and/
or alteration of one or more nucleotides.

In one embodiment, the nucleic acid of the formulations
and methods of the instant invention encode a therapeutic
polypeptide. In one embodiment, the term “polypeptide”
refers to a molecule comprised of amino acid residues joined
by peptide (i.e., amide) bonds and includes peptides,
polypeptides, and proteins. Hence, in one embodiment, the
polypeptides of this invention may have single or multiple
chains of covalently linked amino acids and may further
contain intrachain or interchain linkages comprised of disul-
fide bonds. In one embodiment, some polypeptides may also
form a subunit of a multiunit macromolecular complex. In
one embodiment, the polypeptides can be expected to possess
conformational preferences and to exhibit a three-dimen-
sional structure. Both the conformational preferences and the
three-dimensional structure will usually be defined by the
polypeptide’s primary (i.e., amino acid) sequence and/or the
presence (or absence) of disulfide bonds or other covalent or
non-covalent intrachain or interchain interactions.

In one embodiment, the term “peptide” refers to native
peptides (either degradation products, synthetically synthe-
sized peptides or recombinant peptides) and/or peptidomi-
metics (typically, synthetically synthesized peptides), such as
peptoids and semipeptoids which are peptide analogs, which
may have, for example, modifications rendering the peptides
more stable while in a body or more capable of penetrating
into cells. Such modifications include, but are not limited to N
terminus modification, C terminus modification, peptide
bond modification, including, but not limited to, CH,—NH,
CH,—S, CH,—S—0, O—C—NH, CH,—O0, CH,—CH,,
S—C—NH, CH—CH or CF—CH, backbone modifications,
and residue modification. Methods for preparing peptidomi-
metic compounds are well known in the art and are specified,
for example, in Quantitative Drug Design, C. A. Ramsden
Gd., Chapter 17.2, F. Choplin Pergamon Press (1992), which
is incorporated by reference as if fully set forth herein.

Peptide bonds (—CO—NH—) within the peptide may be
substituted, for example, by N-methylated bonds (—N
(CH;)—CO—), ester bonds (—C(R)H—C—O—0—C
(R)—N—), ketomethylen bonds (—CO—CH,—), aza
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bonds (—NH—N(R)—CO—), wherein R is any alkyl, e.g.,
methyl, carba bonds (—CH,—NH-—), hydroxyethylene
bonds (—CH(OH)—CH,—), thioamide bonds (—CS—
NH—), olefinic double bonds (—CH—CH—), retro amide
bonds (—NH—CO—), peptide derivatives (—N(R)—
CH,—CO—), wherein R is the “normal” side chain, natu-
rally presented on the carbon atom. These modifications can
occur at any of the bonds along the peptide chain and even at
several (2-3) at the same time.

Natural aromatic amino acids, Trp, Tyr and Phe, may be
substituted for synthetic non-natural acid such as TIC, naph-
thylelanine (Nol), ring-methylated derivatives of Phe, halo-
genated derivatives of Phe or o-methyl-Tyr. In addition to the
above, the peptides of the present invention may also include
one or more modified amino acids or one or more non-amino
acid monomers (e.g. fatty acids, complex carbohydrates etc).

In one embodiment, the term “amino acid” or “amino
acids” is understood to include the naturally occurring amino
acids; those amino acids often modified post-translationally
in vivo, including, for example, hydroxyproline, phospho-
serine and phosphothreonine; and other unusual amino acids
including, but not limited to, 2-aminoadipic acid, hydroxyl-
ysine, isodesmosine, nor-valine, nor-leucine and ornithine.
Furthermore, the term “amino acid” may include both D- and
L-amino acids.

Asused herein, the term “amino acid” refers to either the D
or L stereoisomer form of the amino acid, unless otherwise
specifically designated. Also encompassed within the scope
of this invention are equivalent proteins or equivalent pep-
tides, e.g., having the biological activity of purified wild type
tumor suppressor protein. “Equivalent proteins™ and “equiva-
lent polypeptides” refer to compounds that depart from the
linear sequence of the naturally occurring proteins or
polypeptides, but which have amino acid substitutions that do
not change it’s biologically activity. These equivalents can
differ from the native sequences by the replacement of one or
more amino acids with related amino acids, for example,
similarly charged amino acids, or the substitution or modifi-
cation of side chains or functional groups.

The peptides or polypeptides, or the DNA sequences
encoding same, may be obtained from a variety of natural or
unnatural sources, such as a prokaryotic or a eukaryotic cell.
In one embodiment, the source cell may be wild type, recom-
binant, or mutant. In another embodiment, the plurality of
peptides or polypeptides may be endogenous to microorgan-
isms, such as bacteria, yeast, or fungi, to a virus, to an animal
(including mammals, invertebrates, reptiles, birds, and
insects) or to a plant cell.

In another embodiment, the peptides or polypeptides may
be obtained from more specific sources, such as the surface
coat of a virion particle, a particular cell lysate, a tissue
extract, or they may be restricted to those polypeptides that
are expressed on the surface of a cell membrane.

In another embodiment, the peptide or polypeptide is
derived from a particular cell or tissue type, developmental
stage or disease condition or stage. In one embodiment, the
disease condition or stage is cancer, in another embodiment,
the disease condition is an infection, which in another
embodiment, is an HIV infection. In another embodiment, the
disease condition is a developmental disorder, while in
another embodiment, the disease condition is a metabolic
disorder.

The polypeptide of the present invention can be of any size.
As can be expected, the polypeptides can exhibit a wide
variety of molecular weights, some exceeding 150 to 200
kilodaltons (kD). Typically, the polypeptides may have a
molecular weight ranging from about 5,000 to about 100,000
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daltons. Still others may fall in a narrower range, for example,
about 10,000 to about 75,000 daltons, or about 20,000 to
about 50,000 daltons. In an alternative embodiment, the
polypeptides of the present invention may be 1-250 amino
acid residues long. In another embodiment, the polypeptides
of the present invention may be 10-200 amino acid residues
long. In an alternative embodiment, the polypeptides of the
present invention may be 50-100 amino acid residues long. In
an alternative embodiment, the polypeptides of the present
invention may be 1-250 amino acid residues long. In an
alternative embodiment, the polypeptides of the present
invention may be 1-250 amino acid residues long. In one
embodiment, the maximum size of the peptide or polypeptide
is determined by the vector from which it is expressed, which
in one embodiment, is approximately between 20 and 37 kD,
between 20 and 25 kD, between 25 and 30 kD, between 30
and 37 kD, or between 35 and 37 kD. In another embodiment,
the polypeptide is a 34 kD glycoprotein.

In another embodiment, the peptides or polypeptides are
agonists. In another embodiment, the peptides or polypep-
tides are antagonists. In another embodiment, the peptides or
polypeptides are antigens. In another embodiment, the pep-
tides or polypeptides are enzymes. In another embodiment,
the peptides or polypeptides are activators of enzymes or
other substrates. In another embodiment, the peptides or
polypeptides are inhibitors of enzymes or other substrates. In
another embodiment, the peptides or polypeptides are hor-
mones. In another embodiment, the peptides or polypeptides
are regulatory proteins. Regulatory proteins command the
numerous interactions that govern the expression and repli-
cation of genes, the performance of enzymes, the interplay
between cells and their environment, and many other mani-
festations. In another embodiment, the peptides or polypep-
tides are cytoskeletal proteins. Cytoskeletal proteins form a
flexible framework for the cell, provide attachment points for
organelles and formed bodies, and make communication
between parts of the cell possible. In another embodiment, the
peptides or polypeptides are toxins. In another embodiment,
the therapeutic nucleic acids of the present invention encode
one or more suicide genes.

In another embodiment, the peptides or polypeptides are
functional fragments of agonists, antagonists, antigens,
enzymes, enzyme activators, enzyme inhibitors, enzyme sub-
strates, hormones, regulatory proteins, cytoskeletal proteins,
or toxins. “Functional fragments” are meant to indicate a
portion of the peptide or polypeptide which is capable of
performing one or more of the functions of the peptide or
polypeptide, even in the absence of the remainder of the
peptide or polypeptide. In one embodiment, the functional
fragment is sufficient to mediate an intermolecular interac-
tion with a target of interest.

In an alternative embodiment, the peptide binds DNA or
RNA or a fragment thereof. In one embodiment, the DNA or
RNA binding peptide may be any of the many known in the art
including, but not limited to: Zinc finger proteins such as
Beta-beta-alpha zinc finger proteins, Nuclear receptor pro-
teins, Loop-sheet-helix type protein, and GAL4 type protein;
the Helix-turn-helix proteins such as Cro and repressor pro-
teins, Lacl purine repressor proteins (PurR), FokI restriction
endonuclease (DNA-recognition region), Gamma-delta
recombinase protein (C-terminal domain), Hin recombinase
protein, Trp repressor protein, Diptheria tox repressor,
Catabolite gene activator proteins (CAP), Homeodomain
proteins, RAP1 protein, Prd paired protein, Tc3 transposase
protein, TFIIB family, Interferon regulatory factor, Transcrip-
tion factor family, and ETS domain family bacteriophage;
and the Leucine zipper proteins such as Basic zipper proteins
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and Zipper-type proteins (helix-loop-helix). In another
embodiment, the DNA or RNA binding peptide may be other
alpha-helix proteins such as Cre recombinase family, Papil-
lomavirus-1 E2 protein, Histone family, Ebnal nuclear pro-
tein family, Skn-1 transcription factor, High mobility group
family, and MADS box family; Beta-sheet proteins such as
TATA Box-Binding Proteins; Beta-hairpin/ribbon proteins
such as Met repressor protein, Tus replication terminator
protein, Integration host factor protein, Hyperthermophile
DNA binding protein, Arc repressor, Transcription factor T
domain; and other protein families such as Rel homology
region proteins and Stat family. In another embodiment, the
DNA or RNA binding peptide may be enzymes such as
Methyl transferase proteins, Pvull Endonuclease protein,
Endonuclease V protein, EcoRV Endonuclease family,
BamHI Endonuclease family, EcoRI endonuclease family,
DNA mismatch endonuclease, DNA polymerase [ protein,
DNA polymerase T7, Dnase [ proteins, DNA polymerase beta
proteins, Uraci-DNA glycosylase, Methyladenine-DNA gly-
cosylase, Homing endonuclease, and Topoisomerase [ or
viral proteins such as HIV reverse transcriptase.

In another embodiment, the peptide or polypeptide is a
transcriptional or translational activator or a fragment
thereof. In another embodiment, the peptide or polypeptide is
a transcriptional or translational repressor or a fragment
thereof. In another embodiment, the peptide or polypeptide is
a receptor or a fragment thereof.

In one embodiment, the peptide or polypeptide may repre-
sent a cognate peptide of any of the peptides or polypeptides
described hereinabove. A “cognate” peptide is any peptide
that interacts and/or binds to another molecule.

According to other embodiments of the present invention,
recombinant gene products may be encoded by a polynucle-
otide having a modified nucleotide sequence, as compared to
a corresponding natural polynucleotide.

In addition to proteins, recombinant gene products may
also comprise functional RNA molecules.

According to another embodiment of the present invention,
the formulations and methods of the present invention may
provide a micro-organ producing functional RNA molecules.
Functional RNA molecules may comprise antisense oligo-
nucleotide sequences, ribozymes comprising the antisense
oligonucleotide described herein and a ribozyme sequence
fused thereto. Such a ribozyme is readily synthesizable using
solid phase oligonucleotide synthesis.

Ribozymes are being increasingly used for the sequence-
specific inhibition of gene expression by the cleavage of
mRNAs encoding proteins of interest [ Welch et al., “Expres-
sion of ribozymes in gene transfer systems to modulate target
RNA levels.” Curr Opin Biotechnol. 1998 October; 9(5):486-
96]. The possibility of designing ribozymes to cleave any
specific target RNA has rendered them valuable tools in both
basic research and therapeutic applications. In the therapeu-
tics area, ribozymes have been exploited to target viral RNAs
in infectious diseases, dominant oncogenes in cancers and
specific somatic mutations in genetic disorders [Welch et al.,
“Ribozyme gene therapy for hepatitis C virus infection.”” Clin
Diagn Virol. Jul. 15, 1998; 10(2-3):163-71. Most notably,
several ribozyme gene therapy protocols for HIV patients are
already in Phase I trials. More recently, ribozymes have been
used for transgenic animal research, gene target validation
and pathway elucidation. Several ribozymes are in various
stages of clinical trials. ANGIOZYME was the first chemi-
cally synthesized ribozyme to be studied in human clinical
trials. ANGIOZYME specifically inhibits formation of the
VEGF-r (Vascular Endothelial Growth Factor receptor), akey
component in the angiogenesis pathway. Ribozyme Pharma-
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ceuticals, Inc., as well as other firms has demonstrated the
importance of anti-angiogenesis therapeutics in animal mod-
els. HEPTAZYME, a ribozyme designed to selectively
destroy Hepatitis C Virus (HCV) RNA, was found effective in
decreasing Hepatitis C viral RNA in cell culture assays.

As described hereinabove, in one embodiment, the formu-
lations and methods of the present invention provide a thera-
peutic formulation comprising a nucleic acid sequence
encoding a therapeutic polypeptide. In one embodiment, the
term “therapeutic” refers to a molecule, which when provided
to a subject in need, provides a beneficial effect. In some
cases, the molecule is therapeutic in that it functions to
replace an absence or diminished presence of such a molecule
in asubject. In one embodiment, the therapeutic protein is that
of a protein which is absent in a subject, such as in cases of
subjects with an endogenous null or mis-sense mutation of a
required protein. In other embodiments, the endogenous pro-
tein is mutated, and produces a non-functional protein, com-
pensated for by the provision of the functional protein. In
other embodiments, expression of a heterologous protein is
additive to low endogenous levels, resulting in cumulative
enhanced expression of a given protein. In other embodi-
ments, the molecule stimulates a signaling cascade that pro-
vides for expression, or secretion, or others of a critical ele-
ment for cellular or host functioning.

In one embodiment, the term “therapeutic formulation”
describes a substance applicable for use in the diagnosis, or in
another embodiment, cure, or in another embodiment, miti-
gation, or in another embodiment, treatment, or in another
embodiment, prevention of a disease, disorder, condition or
infection. In one embodiment, the “therapeutic formulation”
of this invention refers to any substance which affect the
structure or function of the target to which it is applied.

In another embodiment, the “therapeutic formulation” of
the present invention is a molecule that alleviates a symptom
of a disease or disorder when administered to a subject
afflicted thereof. In one embodiment, the “therapeutic formu-
lation” of this invention is a synthetic molecule, or in another
embodiment, a naturally occurring compound isolated from a
source found in nature.

In one embodiment, the therapeutic polypeptide is eryth-
ropoietin, while in another embodiment, the therapeutic
polypeptide is interferon alpha, which in one embodiment, is
interferon alpha 2b. In one embodiment, said therapeutic
polypeptide is any other therapeutic polypeptide.

In one embodiment, “treatment” refers to both therapeutic
treatment and prophylactic or preventative measures, wherein
the object is to prevent or lessen the targeted pathologic
condition or disorder as described hereinabove. Thus, in one
embodiment, treating may include directly affecting or cur-
ing, suppressing, inhibiting, preventing, reducing the severity
of, delaying the onset of, reducing symptoms associated with
the disease, disorder or condition, or a combination thereof.
Thus, in one embodiment, “treating” refers inter alia to delay-
ing progression, expediting remission, inducing remission,
augmenting remission, speeding recovery, increasing effi-
cacy of or decreasing resistance to alternative therapeutics, or
a combination thereof. In one embodiment, “preventing”
refers, inter alia, to delaying the onset of symptoms, prevent-
ing relapse to a disease, decreasing the number or frequency
of relapse episodes, increasing latency between symptomatic
episodes, or a combination thereof. In one embodiment, “sup-
pressing” or “inhibiting”, refers inter alia to reducing the
severity of symptoms, reducing the severity of an acute epi-
sode, reducing the number of symptoms, reducing the inci-
dence of disease-related symptoms, reducing the latency of
symptoms, ameliorating symptoms, reducing secondary
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symptoms, reducing secondary infections, prolonging patient
survival, or a combination thereof.

In one embodiment, symptoms are primary, while in
another embodiment, symptoms are secondary. In one
embodiment, “primary” refers to a symptom that is a direct
result of a particular disease, while in one embodiment; “sec-
ondary” refers to a symptom that is derived from or conse-
quent to a primary cause. In one embodiment, the compounds
for use in the present invention treat primary or secondary
symptoms or secondary complications related to said disease.
In another embodiment, “symptoms” may be any manifesta-
tion of a disease or pathological condition.

In one embodiment, a therapeutic nucleic acid may encode
a therapeutic polypeptide, which may in one embodiment,
comprise an enzyme, an enzyme cofactor, a cytotoxic protein,
an antibody, a channel protein, a transporter protein, a growth
factor, a hormone, a cytokine, a receptor, a mucin, a surfac-
tant, an aptamer or a hormone. In another embodiment, the
therapeutic polypeptide may be of one or more of the catego-
ries as described above. In another embodiment, a therapeutic
nucleic acid may encode functional RNA as described here-
inbelow.

In one embodiment, the term “antibody or antibody frag-
ment” refers to intact antibody molecules as well as func-
tional fragments thereof, such as Fab, F(ab')2, and Fv that are
capable of binding to an epitope. In one embodiment, an Fab
fragment refers to the fragment which contains a monovalent
antigen-binding fragment of an antibody molecule, which
can be produced by digestion of whole antibody with the
enzyme papain to yield an intact light chain and a portion of
one heavy chain. In one embodiment, Fab' fragment refers to
apart of an antibody molecule that can be obtained by treating
whole antibody with pepsin, followed by reduction, to yield
anintact light chain and a portion of the heavy chain. Two Fab'
fragments may be obtained per antibody molecule. In one
embodiment, (Fab'), refers to a fragment of an antibody that
can be obtained by treating whole antibody with the enzyme
pepsin without subsequent reduction. In another embodi-
ment, F(ab'"), is a dimer of two Fab' fragments held together
by two disulfide bonds. In one embodiment, Fv, may refer to
a genetically engineered fragment containing the variable
region of the light chain and the variable region of the heavy
chain expressed as two chains. In one embodiment, the anti-
body fragment may be a single chain antibody (“SCA”), a
genetically engineered molecule containing the variable
region of the light chain and the variable region of the heavy
chain, linked by a suitable polypeptide linker as a genetically
fused single chain molecule.

Methods of making these fragments are known in the art.
(See for example, Harlow and Lane, Antibodies: A Labora-
tory Manual, Cold Spring Harbor Laboratory, New York,
1988, incorporated herein by reference).

In one embodiment, the antibody will recognize an
epitope, which in another embodiment, refers to antigenic
determinant on an antigen to which the paratope of an anti-
body binds. Epitopic determinants may, in other embodi-
ments, consist of chemically active surface groupings of mol-
ecules such as amino acids or carbohydrate side chains and in
other embodiments, may have specific three dimensional
structural characteristics, and/or in other embodiments, have
specific charge characteristics.

In one embodiment, the epitope recognized is from a
pathogen, or in another embodiment, a pathogenic cell, or in
another embodiment, a protein aberrantly expressed, which,
in another embodiment, may refer to the location, quantity, or
combination thereof of expression.
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Another form of an antibody fragment is a peptide coding
for a single complementarity-determining region (CDR).
CDR peptides (“minimal recognition units”) can be obtained
by constructing genes encoding the CDR of an antibody of
interest. Such genes are prepared, for example, by using the
polymerase chain reaction to synthesize the variable region
from RNA of antibody-producing cells. See, for example,
Larrick and Fry, Methods, 2: 106-10, 1991.

In one embodiment, the antibody is tumoricidal, and is
thereby therapeutic in certain cancers. Antibodies that pos-
sess tumoricidal activity are also known in the art, the use of
any of which may represent an embodiment of this invention,
including IMC-C225, EMD 72000, OvaRex Mab B43.13,
anti-ganglioside G(D2) antibody ch14.18, CO17-1A, trastu-
zumab, thuMAb VEGF, sc-321, AF349, BAF349, AF743,
BAF743, MAB743, AB1875, Anti-FIt-4AB3127, FLT41-A,
rituximab, 2C3, CAMPATH 1H, 2G7, Alpha IR-3, ABX-
EGF, MDX-447, anti-p75 IL-2R, anti-p64 IL-2R, and 2A11.

In one embodiment, the “therapeutic nucleic acid” of this
invention may encode or the “therapeutic polypeptide” may
be molecules that serve as antihypertensives, antidepressants,
antianxiety agents, anticlotting agents, anticonvulsants,
blood glucose-lowering agents, decongestants, antihista-
mines, antitussives, anti-inflammatories, antipsychotic
agents, cognitive enhancers, cholesterol-reducing agents,
antiobesity agents, autoimmune disorder agents, anti-impo-
tence agents, antibacterial and antifungal agents, hypnotic
agents, anti-Parkinsonism agents, antibiotics, antiviral
agents, anti-neoplastics, barbituates, sedatives, nutritional
agents, beta blockers, emetics, anti-emetics, diuretics, anti-
coagulants, cardiotonics, androgens, corticoids, anabolic
agents, growth hormone secretagogues, anti-infective agents,
coronary vasodilators, carbonic anhydrase inhibitors, anti-
protozoals, gastrointestinal agents, serotonin antagonists,
anesthetics, hypoglycemic agents, dopaminergic agents, anti-
Alzheimer’s Disease agents, anti-ulcer agents, platelet inhibi-
tors and glycogen phosphorylase inhibitors.

In one embodiment, the “therapeutic formulation” of this
invention is antibacterial, antiviral, antifungal or antipara-
sitic. In another embodiment, the therapeutic formulation has
cytotoxic or anti-cancer activity. In another embodiment, the
therapeutic formulation is immunostimulatory. In another
embodiment, the therapeutic formulation inhibits inflamma-
tory or immune responses.

In one embodiment, the therapeutic nucleic acids may
encode or the therapeutic polypeptides may be cytokines,
such as interferons or interleukins, or their receptors. Lack of
expression of cytokines, or of the appropriate ones, has been
implicated in susceptibility to diseases, and enhanced expres-
sion may lead to resistance to a number of infections. Expres-
sion patterns of cytokines may be altered to produce a ben-
eficial effect, such as for example, a biasing of the immune
response toward a Thl type expression pattern, or a Th2
pattern in infection, or in autoimmune disease, wherein
altered expression patterns may prove beneficial to the host.

In another embodiment, the therapeutic nucleic acid may
encode or the therapeutic polypeptide may be an enzyme,
such as one involved in glycogen storage or breakdown. In
another embodiment, the therapeutic protein comprises a
transporter, such as an ion transporter, for example CFTR, or
a glucose transporter, or other transporters whose deficiency,
or inappropriate expression, results in a variety of diseases.

In another embodiment, the therapeutic nucleic acid
encodes or the therapeutic polypeptide is a tumor suppressor
or pro-apoptotic compound, which alters progression of can-
cer-related events.
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In another embodiment, the therapeutic nucleic acid of the
present invention may encode or the therapeutic polypeptide
may be an immunomodulating protein. In one embodiment,
the immunomodulating protein comprises cytokines,
chemokines, complement or components, such as interleu-
kins 1 to 15, interferons alpha, beta or gamma, tumour necro-
sis factor, granulocyte-macrophage colony stimulating factor
(GM-CSF), macrophage colony stimulating factor (M-CSF),
granulocyte colony stimulating factor (G-CSF), chemokines
such as neutrophil activating protein (NAP), macrophage
chemoattractant and activating factor (MCAF), RANTES,
macrophage inflammatory peptides MIP-1a and MIP-1b, or
complement components.

In another embodiment, a therapeutic nucleic acid of this
invention may encode or a therapeutic polypeptide may be a
growth factor, or tissue-promoting factor. In one embodi-
ment, the therapeutic compound is a bone morphogenetic
protein, or OP-1, OP-2, BMP-5, BMP-6, BMP-2, BMP-3,
BMP-4, BMP-9, DPP, Vg-1, 60A, or Vgr-1. In another
embodiment, the therapeutic nucleic acid encodes an RNA or
peptide that facilitates nerve regeneration or repair, and may
include NGF, or other growth factors. In another embodi-
ment, the therapeutic polypeptide facilitates nerve regenera-
tion or repair, and may include NGF, or other growth factors.

In another embodiment, the therapeutic nucleic acid may
encode or the therapeutic polypeptide may be natural or non-
natural insulins, amylases, proteases, lipases, kinases, phos-
phatases, glycosyl transferases, trypsinogen, chymotrypsino-
gen, carboxypeptidases, hormones, ribonucleases,
deoxyribonucleases, triacylglycerol lipase, phospholipase
A2, elastases, amylases, blood clotting factors, UDP glucu-
ronyl transferases, ornithine transcarbamoylases, cyto-
chrome p450 enzymes, adenosine deaminases, serum thymic
factors, thymic humoral factors, thymopoietins, growth hor-
mones, somatomedins, costimulatory factors, antibodies,
colony stimulating factors, erythropoietin, epidermal growth
factors, hepatic erythropoietic factors (hepatopoietin), liver-
cell growth factors, interleukins, interferons, negative growth
factors, fibroblast growth factors, transforming growth fac-
tors of the a family, transforming growth factors of the
family, gastrins, secreting, cholecystokinins, somatostatins,
serotonins, substance P, transcription factors or combinations
thereof.

In another embodiment, the gene comprises a reporter
gene. In one embodiment, the reporter gene encodes a fluo-
rescent protein. In one embodiment, the fluorescent protein is
yECitrine or a yellow fluorescent protein. In one embodi-
ment, the fluorescent protein is the jellyfish green fluorescent
protein, or a mutant or variant thereof. In another embodi-
ment, the GMMOs specifically may comprise any gene other
than a reporter gene or a gene encoding a reporter protein.

In another embodiment, the reporter gene confers drug
resistance. In one embodiment, the reporter gene confers
resistance to an antibiotic, such as, for example, ampicillin,
kanamycin, tetracycline, or others, as will be appreciated by
one skilled in the art. In another embodiment, the antibiotic
resistance genes may include those conferring resistance to
neomycin (neo), blasticidin, spectinomycin, erythromycin,
phleomycin, Tn917, gentamycin, and bleomycin. An
example of the neomycin resistance gene is the neomycin
resistance gene of transposon TnS5 that encodes for neomycin
phosphotransterase 11, which confers resistance to various
antibiotics, including G418 and kanamycin. In another
embodiment, the reporter is a chloramphenicol acetyl trans-
ferase gene (cat) and confers resistance to chloramphenicol.

In one embodiment, the formulations and methods of this
invention are for prevention of; or therapeutic intervention of
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viral infection, or in another embodiment, bacterial, parasitic,
or fungal infection, or a combination thereof.

According to this aspect of the invention, the formulations
and methods of this invention are for prevention of, or thera-
peutic intervention in disease. In one embodiment, the dis-
ease for which the subject is thus treated may comprise, but is
not limited to: muscular dystrophy, cancer, cardiovascular
disease, hypertension, infection, renal disease, neurodegen-
erative disease, such as alzheimer’s disease, parkinson’s dis-
ease, huntington’s chorea, Creuztfeld-Jacob disease, autoim-
mune disease, such as lupus, rheumatoid arthritis,
endocarditis, Graves’ disease or ALD, respiratory disease
such as asthma or cystic fibrosis, bone disease, such as
osteoporosis, joint disease, liver disease, disease of the skin,
such as psoriasis or eczema, ophthalmic disease, otolaryngeal
disease, other neurological disease such as Turret syndrome,
schizophrenia, depression, autism, or stoke, or metabolic dis-
ease such as a glycogen storage disease or diabetes. It is to be
understood that any disease whereby expression of a particu-
lar protein, provision of a therapeutic protein, provision of a
drug, inhibition of expression of a particular protein, etc.,
which can be accomplished via the formulations of this inven-
tion and according to the methods of this invention, is to be
considered as part of this invention.

In one embodiment, the formulations and methods of the
instant invention comprise a nucleic acid sequence operably
linked to one or more regulatory sequences. In one embodi-
ment, a nucleic acid molecule introduced into a cell of a
micro-organ is in a form suitable for expression in the cell of
the gene product encoded by the nucleic acid. Accordingly, in
one embodiment, the nucleic acid molecule includes coding
and regulatory sequences required for transcription of a gene
(or portion thereof). When the gene product is a protein or
peptide, the nucleic acid molecule includes coding and regu-
latory sequences required for translation of the nucleic acid
molecule include promoters, enhancers, polyadenylation sig-
nals, sequences necessary for transport of an encoded protein
or peptide, for example N-terminal signal sequences for
transport of proteins or peptides to the surface of the cell or
secretion, in one embodiment.

Nucleotide sequences which regulate expression of a gene
product (e.g., promoter and enhancer sequences) are selected
based upon the type of cell in which the gene product is to be
expressed and the desired level of expression of the gene
product. For example, a promoter known to confer cell-type
specific expression of a gene linked to the promoter can be
used. A promoter specific for myoblast gene expression can
be linked to a gene of interest to confer muscle-specific
expression of that gene product. Muscle-specific regulatory
elements which are known in the art include upstream regions
from the dystrophin gene (Klamut et al., (1989) Mol. Cell.
Biol. 9:2396), the creatine kinase gene (Buskin and Haus-
chka, (1989) Mol. Cell. Biol. 9:2627) and the troponin gene
(Mar and Ordahl, (1988) Proc. Natl. Acad. Sci. USA.
85:6404). Negative response elements in keratin genes medi-
ate transcriptional repression (Jho Sh et al, (2001). J. Biol
Chem). Regulatory elements specific for other cell types are
known in the art (e.g., the albumin enhancer for liver-specific
expression; insulin regulatory elements for pancreatic islet
cell-specific expression; various neural cell-specific regula-
tory elements, including neural dystrophin, neural enolase
and A4 amyloid promoters). Alternatively, a regulatory ele-
ment which can direct constitutive expression of a gene in a
variety of different cell types, such as a viral regulatory ele-
ment, can be used. Examples of viral promoters commonly
used to drive gene expression include those derived from
polyoma virus, Adenovirus 2, cytomegalovirus (CMV) and
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Simian Virus 40, and retroviral LTRs. Alternatively, a regu-
latory element which provides inducible expression of a gene
linked thereto can be used. The use of an inducible regulatory
element (e.g., an inducible promoter) allows for modulation
of'the production of the gene product in the cell. Examples of
potentially useful inducible regulatory systems for use in
eukaryotic cells include hormone-regulated elements (e.g.,
see Mader, S, and White, J. H. (1993) Proc. Natl. Acad. Sci.
US4 90:5603-5607), synthetic ligand-regulated elements
(see, e.g., Spencer, D. M. et al 1993) Science 262:1019-1024)
and ionizing radiation-regulated elements (e.g., see Manome,
Y. Etal. (1993) Biochemistry32:10607-10613; Datta, R. et al.
(1992) Proc. Natl. Acad. Sci. USA89:1014-10153). Addi-
tional tissue-specific or inducible regulatory systems which
may be developed can also be used in accordance with the
invention.

In one embodiment, a regulatory sequence of the instant
invention may comprise a CMV promoter, while in another
embodiment; the regulatory sequence may comprise a CAG
promoter. In one embodiment, a CAG promoter is a compos-
ite promoter that combines the human cytomegalovirus
immediate-early enhancer and a modified chicken beta-actin
promoter and first intron. In one embodiment, a regulatory
sequence may comprise a simian virus (SV)-40 polyadeny-
lation sequence, which in one embodiment, is the mechanism
by which most messenger RNA molecules are terminated at
their 3' ends in eukaryotes. In one embodiment, the polyad-
enosine (poly-A) tail protects the mRNA molecule from exo-
nucleases and is important for transcription termination, for
export of the mRNA from the nucleus, and for translation. In
another embodiment, a formulation of the present invention
may comprise one or more regulatory sequences.

In one embodiment, formulations of the instant invention
comprising CMV or CAG promoters in conjunction with
SV40 demonstrate long-term, high in vitro (FIGS. 1, 5, and
7B) and in vivo (FIG. 6A) expression levels of EPO and
IFN-alpha. Without being bound by theory, one factor that
may contribute to the long-lasting, high levels of gene product
from micro-organs of the instant invention is the use of CMV,
or alternatively, CAG as a promoter, which may be especially
effective in micro-organ explants in promoting constitutive
gene expression.

In one embodiment, the term “promoter” refers to a DNA
sequence, which, in one embodiment, is directly upstream of
the coding sequence and is important for basal and/or regu-
lated transcription of a gene. In one embodiment, a promoter
of the present invention is operatively linked to a gene of
interest. In another embodiment, the promoter is a mutant of
the endogenous promoter, which is normally associated with
expression of the gene of interest, under the appropriate con-
ditions.

In one embodiment, a promoter of the compositions and for
use in the methods of the present invention is a regulatable
promoter. In another embodiment, a regulatable promoter
refers to a promoter whereby expression of a gene down-
stream occurs as a function of the occurrence or provision of
specific conditions which stimulate expression from the par-
ticular promoter. In some embodiments, such conditions
result in directly turning on expression, or in other embodi-
ments, remove impediments to expression. In some embodi-
ments, such conditions result in turning off, or reducing
expression.

In one embodiment, such conditions may comprise spe-
cific temperatures, nutrients, absence of nutrients, presence
of metals, or other stimuli or environmental factors as will be
known to one skilled in the art. In one embodiment, a regu-
latable promoter may be regulated by galactose (e.g. UDP-
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galactose epimerase (GAL10), galactokinase (GAL1)), glu-
cose (e.g. alcohol dehydrogenase 11 (ADH2)), or phosphate
(e.g. acid phosphatase (PHOS)). In another embodiment, a
regulatable promoter may be activated by heat shock (heat
shock promoter) or chemicals such as IPTG or Tetracycline,
or others, as will be known to one skilled in the art. It is to be
understood that any regulatable promoter, and conditions for
such regulation is encompassed by the vectors, nucleic acids
and methods of this invention, and represents an embodiment
thereof.

In one embodiment, the formulations and methods of the
instant invention increase the levels of a therapeutic polypep-
tide or nucleic acid by at least 5% over basal levels. In another
embodiment, the levels of a therapeutic polypeptide or
nucleic acid are increased by at least 7%, in another embodi-
ment, by at least 10%, in another embodiment, by at least
15%, in another embodiment, by at least 20%, in another
embodiment, by at least 25%, in another embodiment, by at
least 30%, in another embodiment, by at least 40%, in another
embodiment, by at least 50%, in another embodiment, by at
least 60%, in another embodiment, by at least 75%, in another
embodiment, by at least 100%, in another embodiment, by at
least 125%, in another embodiment, by at least 150% over
basal levels, in another embodiment, by at least 200% over
basal levels.

In one embodiment, expression of a therapeutic polypep-
tide or nucleic acid via the formulation of the present inven-
tion is increased compared to “basal levels”, which in one
embodiment, are levels of the gene expressed in hosts or cell
culture that had not been administered or otherwise contacted
with the therapeutic formulation of the present invention.

In another embodiment, the formulations and methods of
the instant invention increase the levels of a therapeutic
polypeptide or nucleic acid to approximately 2000 ng/day, or
in another embodiment, 1500 ng/day, or in another embodi-
ment, 1000 ng/day, or in another embodiment, 750 ng/day, or
in another embodiment, 500 ng/day, or in another embodi-
ment, 250 ng/day, or in another embodiment, 150 ng/day, or
in another embodiment, 100 ng/day, or in another embodi-
ment, 75 ng/day, or in another embodiment, 50 ng/day, or in
another embodiment, 25 ng/day. In another embodiment, the
formulations and methods of the instant invention increase
the levels of a therapeutic polypeptide to between 20-70
mU/mL, or in another embodiment, 50-100 mU/mL, or in
another embodiment, 5-20 mU/mL, or in another embodi-
ment, 100-200 mU/mL, or in another embodiment, 10-70
mU/mL, or in another embodiment, 5-80 mU/mL. In another
embodiment, the formulations and methods of the instant
invention increase the levels of a therapeutic polypeptide to
between 500-1000 mU/mL, or in another embodiment, 250-
750 mU/mL, or in another embodiment, 500-5000 mU/mL.

In one embodiment, the formulations and methods of the
instant invention increase the levels of a functional marker,
which in one embodiment, is hematocrit levels, by at least 5%
over basal levels. In another embodiment, the levels of the
functional marker are increased by at least 7%, in another
embodiment, by at least 10%, in another embodiment, by at
least 15%, in another embodiment, by at least 20%, in another
embodiment, by at least 25%, in another embodiment, by at
least 30%, in another embodiment, by at least 40%, in another
embodiment, by at least 50%, in another embodiment, by at
least 60%, in another embodiment, by at least 75%, in another
embodiment, by at least 100%, in another embodiment, by at
least 125%, in another embodiment, by at least 150% over
basal levels, in another embodiment, by at least 200% over
basal levels.
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In one embodiment, the therapeutic formulation of the
present invention is “long-lasting”, which in one embodiment
refers to a formulation that can increase secretion, expression,
production, circulation or persistence of a therapeutic
polypeptide or nucleic acid. In one embodiment, expression
levels of a therapeutic polypeptide or nucleic acid are
increased over basal levels for at least one month, or in
another embodiment, for at least six months. In another
embodiment, the levels of hematocrit are increased for at least
2 weeks, in another embodiment, for at least 3 weeks, in
another embodiment, for at least 4 weeks, in another embodi-
ment, for at least 5 weeks, in another embodiment, for at least
6 weeks, in another embodiment, for at least 8 weeks, in
another embodiment, for at least 2 months, in another
embodiment, for at least 2 months in another embodiment, for
at least 2 months in another embodiment, for at least 3 months
in another embodiment, for at least 4 months, in another
embodiment, for at least 5 months, in another embodiment,
for at least 7 months, in another embodiment, for at least 8
months, in another embodiment, for at least 9 months, in
another embodiment, for at least 10 months, in another
embodiment, for at least 11 months, or, in another embodi-
ment, for at least 1 year. In another embodiment, expression
levels of a therapeutic polypeptide or nucleic acid are
increased for at least 4-6 months.

In one embodiment, the nucleic acid sequence encoding a
therapeutic polypeptide or nucleic acid is optimized for
increased levels of therapeutic polypeptide or nucleic acid
expression, or, in another embodiment, for increased duration
of therapeutic polypeptide or nucleic acid expression, or, in
another embodiment, a combination thereof.

In one embodiment, the term “optimized” refers to a
desired change, which, in one embodiment, is a change in
gene expression and, in another embodiment, in protein
expression. In one embodiment, optimized gene expression is
optimized regulation of gene expression. In another embodi-
ment, optimized gene expression is an increase in gene
expression. According to this aspect and in one embodiment,
a 2-fold through 1000-fold increase in gene expression com-
pared to wild-type is contemplated. In another embodiment, a
2-fold to 500-fold increase in gene expression, in another
embodiment, a 2-fold to 100-fold increase in gene expres-
sion, in another embodiment, a 2-fold to 50-fold increase in
gene expression, in another embodiment, a 2-fold to 20-fold
increase in gene expression, in another embodiment, a 2-fold
to 10-fold increase in gene expression, in another embodi-
ment, a 3-fold to 5-fold increase in gene expression is con-
templated.

In another embodiment, optimized gene expression may be
an increase in gene expression under particular environmen-
tal conditions. In another embodiment, optimized gene
expression may comprise a decrease in gene expression,
which, in one embodiment, may be only under particular
environmental conditions.

In another embodiment, optimized gene expression is an
increased duration of gene expression. According to this
aspect and in one embodiment, a 2-fold through 1000-fold
increase in the duration of gene expression compared to wild-
type is contemplated. In another embodiment, a 2-fold to
500-fold increase in the duration of gene expression, in
another embodiment, a 2-fold to 100-fold increase in the
duration of gene expression, in another embodiment, a 2-fold
to 50-fold increase in the duration of gene expression, in
another embodiment, a 2-fold to 20-fold increase in the dura-
tion of gene expression, in another embodiment, a 2-fold to
10-fold increase in the duration of gene expression, in another
embodiment, a 3-fold to 5-fold increase in the duration of

20

25

30

40

45

50

55

26

gene expression is contemplated. In another embodiment, the
increased duration of gene expression is compared to gene
expression in non-vector-expressing controls, or alterna-
tively, compared to gene expression in wild-type-vector-ex-
pressing controls.

Expression in mammalian cells is hampered, in one
embodiment, by transcriptional silencing, low mRNA half-
life, alternative splicing events, premature polyadenylation,
inefficient nuclear translocation and availability of rare
tRNAs pools. The source of many problems in mammalian
expressions are found within the message encoding the trans-
gene including in the autologous expression of many crucial
mammalian genes as well. The optimization of mammalian
RNAs may include modification of cis acting elements, adap-
tation of its GC-content, modifying codon bias with respect to
non-limiting tRNAs pools of the mammalian cell, avoiding
internal homologous regions and excluding RNAi’s.

Therefore, in one embodiment, when relying on carefully
designed synthetic genes, stable messages with prolonged
half-lives, constitutive nuclear export and high level protein
production within the mammalian host can be expected.

Thus, in one embodiment, optimizing a gene entails adapt-
ing the codon usage to the codon bias of host genes, which in
one embodiment, are Homo sapiens genes; adjusting regions
of very high (>80%) or very low (<30%) GC content; avoid-
ing one or more of the following cis-acting sequence motifs:
internal TATA-boxes, chi-sites and ribosomal entry sites; AT-
rich or GC-rich sequence stretches; ARE, INS, CRS sequence
elements; repeat sequences and RNA secondary structures;
(cryptic) splice donor and acceptor sites, branch points; or a
combination thereof. In one embodiment, a gene is optimized
for expression in somo sapien cells. In another embodiment,
agene is optimized for expression in micro-organs. In another
embodiment, a gene is optimized for expression in dermal
cells.

In one embodiment, as demonstrated herein, optimized
genes, such as EPO, maintain an increase percent of peak
expression levels for an extended period of time compared to
both non-optimized EPO expressed from a gutless adenovi-
rus vector or non-optimized EPO expressed from an adenovi-
rus 5 vector (FIGS. 3 and 4).

In one embodiment, the term “gene” refers to a nucleic acid
fragment that is capable of being expressed as a specific
protein, including regulatory sequences preceding (5' non-
coding sequences) and following (3' non-coding sequences)
the coding sequence. “Native gene” refers to a gene as found
in nature with its own regulatory sequences. “Chimeric gene”
refers to any gene that is not a native gene, comprising regu-
latory and coding sequences that are not found together in
nature. Accordingly, a chimeric gene may comprise regula-
tory sequences and coding sequences that are derived from
different sources, or regulatory sequences and coding
sequences derived from the same source, but arranged in a
manner different than that found in nature. “Endogenous
gene” refers to a native gene in its natural location in the
genome of an organism. A “foreign” gene refers to a gene not
normally found in the host organism, but that is introduced
into the host organism by gene transfer. Foreign genes can
comprise native genes inserted into a non-native organism, or
chimeric genes. A “transgene” is a gene that has been intro-
duced into the genome by a transformation procedure.

In one embodiment, the therapeutic nucleic acid may be
any gene which encodes an RNA molecule (sense or anti-
sense), peptide, polypeptide, glycoprotein, lipoprotein or
combination thereof or to any other post modified polypep-
tide. In one embodiment of the invention, the gene of interest
may be naturally expressed in the tissue sample. In another
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embodiment of this invention, the tissue sample may be
genetically engineered so that at least one cell will express the
gene of interest, which is either not naturally expressed by the
cell or has an altered expression profile within the cell. In one
embodiment, the therapeutic nucleic acid of the present
invention may encode or the therapeutic polypeptide may be
any of the proteins listed in U.S. patent application Ser. No.
10/376,506, which is incorporated herein by reference in its
entirety.

In one embodiment, the genetically modified micro-organ
is a genetically modified dermal micro-organ. “Dermal”
micro-organs may comprise a plurality of dermis compo-
nents, where in one embodiment; dermis is the portion of the
skin located below the epidermis. These components may
comprise skin fibroblast, epithelial cells, other cell types,
bases of hair follicles, nerve endings, sweat and sebaceous
glands, and blood and lymph vessels. In one embodiment, a
dermal micro-organ may comprise fat tissue, wherein in
another embodiment, a dermal micro-organ may not com-
prise fat tissue. Further details regarding dermal micro-or-
gans, including methods of harvesting, maintaining in cul-
ture, and implanting said dermal micro-organs, are described
in PCT Patent Application W0O2004/099363, which is incor-
porated herein by reference in its entirety.

In another embodiment, the invention provides a method of
providing a therapeutic polypeptide to a subject in need over
a sustained period comprising providing one or more geneti-
cally modified micro-organs, said micro-organs comprising a
vector comprising a nucleic acid sequence operably linked to
one or more regulatory sequences; and implanting said
genetically modified micro-organ in said subject, wherein
said nucleic acid sequence encodes a therapeutic polypeptide
and whereby the expression level of the therapeutic nucleic
acid or polypeptide is increased by more than 5% over basal
level and said increase is maintained for greater than one
month. In another embodiment, the invention provides a
method of providing a therapeutic polypeptide to a subject in
need over a sustained period comprising providing one or
more genetically modified micro-organs, said micro-organs
comprising a vector comprising a nucleic acid sequence oper-
ably linked to one or more regulatory sequences; and implant-
ing said genetically modified micro-organ in said subject,
wherein said nucleic acid sequence encodes a therapeutic
polypeptide and wherein said vector is a helper-dependent
adenovirus vector. In another embodiment, the invention pro-
vides a method of providing a therapeutic polypeptide to a
subject in need over a sustained period comprising providing
one or more genetically modified micro-organs, said micro-
organs comprising a vector comprising a nucleic acid
sequence operably linked to one or more regulatory
sequences; and implanting said genetically modified micro-
organ in said subject, wherein said nucleic acid sequence
encodes a therapeutic polypeptide and wherein said vector is
a helper-dependent adenovirus vector.

In another embodiment, the methods described herein-
above provide a therapeutic nucleic acid to a subject in need
wherein the expression level of the therapeutic nucleic acid or
polypeptide is increased by more than 5% over basal level and
said increase is maintained for greater than one hour, 3 hours,
6 hours, 9 hours, 12 hours, 18 hours, 1 day, or 2 days, wherein
said vector is a helper-dependent adenovirus vector, or a
combination thereof.

In one embodiment, this invention provides a therapeutic
formulation as described hereinabove in which the therapeu-
tic polypeptide is erythropoietin or wherein the therapeutic
nucleic acid encodes erythropoietin. In another embodiment,
this invention provides a long-lasting erythropoietin formu-
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lation comprising a genetically modified micro-organ, said
micro-organ comprising a vector comprising a nucleic acid
sequence operably linked to one or more regulatory
sequences, wherein said nucleic acid sequence encodes
erythropoietin and whereby said formulation increases eryth-
ropoietin levels by more than 5% over basal levels and said
increased erythropoietin levels persist for greater than one
month. In another embodiment, the invention provides a
method of providing a therapeutic formulation to a subject in
need in which the therapeutic polypeptide is erythropoietin or
wherein the therapeutic nucleic acid encodes erythropoietin.
In another embodiment, the invention provides a method of
providing erythropoietin to a subject in need.

In another embodiment, this invention provides a method
of delivering erythropoietin to a subject in need over a sus-
tained period comprising: providing one or more genetically
modified micro-organs, said micro-organs comprising a vec-
tor comprising a nucleic acid sequence operably linked to one
or more regulatory sequences; and implanting said geneti-
cally modified micro-organ in said subject, wherein said
nucleic acid sequence encodes erythropoietin and whereby
erythropoietin levels are increased by more than 5% over
basal levels and said increased erythropoietin levels persist
for greater than one month.

In another embodiment, this invention provides a method
of'inducing formation of new blood cells in a subject in need
over a sustained period comprising: providing one or more
genetically modified micro-organs, said micro-organs com-
prising a vector comprising a nucleic acid sequence operably
linked to one or more regulatory sequences; and implanting
said genetically modified micro-organ in said subject,
wherein said nucleic acid sequence encodes erythropoietin
and whereby erythropoietin levels are increased by more than
5% over basal levels and said increased erythropoietin levels
persist for greater than one month.

Inone embodiment, erythropoietin (EPO) is a glycoprotein
hormone involved in the maturation of erythroid progenitor
cells into erythrocytes. In one embodiment, erythropoietin is
essential in regulating levels of red blood cells in circulation.
Naturally occurring erythropoietin is produced by the kid-
neys and liver, circulates in the blood, and stimulates the
production of red blood cells in bone marrow, in one embodi-
ment, in response to hypoxia.

In one embodiment, EPO of the compositions and methods
of the instant invention may comprise glycosylation patterns
similar to those of EPO extracted from human or animal
urine, or in another embodiment, plasma.

The identification, cloning, and expression of genes encod-
ing erythropoietin are described in U.S. Pat. Nos. 5,756,349;
5,955,422, 5,618,698; 5,547,933, 5,621,080; 5,441,868; and
4,703,008, which are incorporated herein by reference. A
description of the purification of recombinant erythropoietin
from cell medium that supported the growth of mammalian
cells containing recombinant erythropoietin plasmids for
example, are included in U.S. Pat. No. 4,667,016 to Lai et al,
which is incorporated herein by reference. Recombinant
erythropoietin produced by genetic engineering techniques
involving the expression of a protein product in vitro from a
host cell transformed with the gene encoding erythropoietin
has been used to treat anemia resulting from chronic renal
failure. Currently, EPO is used in the treatment of anemia of
renal failure, the anemia associated with HIV infection in
zidovudine (AZT) treated patients, and anemia associated
with cancer chemotherapy. Administration of rhu-EPO has
become routine in the treatment of anemia secondary to renal
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insufficiency, where doses of 50-75 u/kg given three times per
week are used to gradually restore hematocrit and eliminate
transfusion dependency.

Many cell surface and secretory proteins produced by
eukaryotic cells are modified with one or more oligosaccha-
ride groups called glycosylation, which can dramatically
affect protein stability, secretion, and subcellular localization
as well as biological activity. In one embodiment, both human
urinary derived erythropoietin and recombinant erythropoi-
etin (expressed in mammalian cells) having the amino acid
sequence 1-165 of human erythropoietin comprise three
N-linked and one O-linked oligosaccharide chains which
together comprise about 40% of the total molecular weight of
the glycoprotein. In one embodiment, non-glycosylated
erythropoietin has greatly reduced in vivo activity compared
to the glycosylated form but does retain some in vitro activity.
In one embodiment, the EPO of the compositions and for use
in the methods of the present invention are fully glycosylated,
while in another embodiment, they are comprise some gly-
cosylated residues, while in another embodiment, they are not
glycosylated.

In one embodiment, the EPO gene may be a wild-type EPO
gene, while in another embodiment, the EPO gene may be
modified. In one embodiment, the modified EPO gene may be
optimized.

In one embodiment, the EPO gene has a nucleic acid
sequence that corresponds to that set forth in Genbank Acces-
sion Nos: X02158; AF202312; AF202311; AF202309;
AF202310; AF053356; AF202306; AF202307; or AF202308
or encodes a protein sequence that corresponds to that set
forth in Genbank Accession Nos: CAA26095; AAF23134;
AAF17572; AAF23133; AAC78791; or AAF23132. In
another embodiment, the EPO precursor gene has a nucleic
acid sequence that corresponds to that set forth in Genbank
Accession Nos: NM_ 000799; M11319; BC093628; or
BC111937 or encodes a protein sequence that corresponds to
that set forth in Genbank Accession Nos: NP__000790;
AAAS52400; AAH93628; or AAI11938. In another embodi-
ment, the EPO gene has a nucleic acid sequence as presented
in SEQ ID No: 7, while in another embodiment, the EPO gene
has an amino acid sequence as presented in SEQ ID No: 8. In
another embodiment, the EPO gene has a nucleic acid that is
homologous to that presented in SEQ ID No: 7, while in
another embodiment, the EPO gene has an amino acid
sequence that is homologous to that presented in SEQ ID No:
8.

In one embodiment, the formulations of the present inven-
tion may be used to treat a subject having anemia. In one
embodiment, anemia is defined as “a pathologic deficiency in
the amount of oxygen-carrying hemoglobin in the red blood
cells.”” Symptoms of anemia include fatigue, diminished abil-
ity to perform daily functions, impaired cognitive function,
headache, dizziness, chest pain and shortness of breath, nau-
sea, depression, pain, or a combination thereof. In one
embodiment, anemia is associated with a poorer prognosis
and increased mortality.

Anemia is often a consequence of renal failure due to
decreased production of erythropoietin from the kidney. In
another embodiment, anemia is caused by lowered red blood
cell (erythroid) production by bone marrow due to cancer
infiltration, lymphoma or leukemia, or marrow replacement.
Other causes of anemia comprise, blood loss due to excessive
bleeding such as hemorrhages or abnormal menstrual bleed-
ing; cancer therapies, such as surgery, radiotherapy, chemo-
therapy, immunotherapy, or a combination thereof; infiltra-
tion or replacement of cancerous bone marrow; increased
hemolysis, which in one embodiment is breakdown or
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destruction of red blood cells; low levels of erythropoietin, or
a combination thereof. In one embodiment, anemia refers to
Fanconi anemia, which in one embodiment, is an inherited
anemia that leads to bone marrow failure (aplastic anemia)
and often to acute myelogenous leukemia (AML). In another
embodiment, anemia refers to Diamond Blackfan anemia,
normocytic anemia, aplastic anemia, iron-deficiency anemia,
vitamin deficiency anemia, Sideroblastic Anemia, Paroxys-
mal Nocturnal Hemoglobinuria, Anemia of Chronic Disease,
Anemia in Kidney Disease and Dialysis, or a combination
thereof. In another embodiment, the long-lasting EPO formu-
lation of the instant invention is used for treating a diabetic
subject. According to this aspect and in one embodiment, the
EPO formulation of the instant invention may be used in
conjunction with other treatments for diabetes known in the
Art, including, inter alia, insulin administration, oral
hypoglycemic drugs, which in one embodiment are sul-
fonurea drugs, which in one embodiment including inter alia
glucotrol, glyburide, glynase and amaryl; glucophage, thia-
zolidinediones including inter alia rezulin, actos and avandia;
or a combination thereof. In another embodiment, the long-
lasting EPO formulation of the instant invention is used for
treating a subject suffering from chronic kidney disease,
while in another embodiment, is used for treating a subject
suffering from end-stage renal disease. In another embodi-
ment, the formulations of the instant invention are used for
subjects that are susceptible to the above-mentioned diseases
or conditions.

It is to be understood that the formulations and methods of
this invention may be used to treat anemia, regardless of the
cause of anemia and whether or not the cause of anemia is
known.

In one embodiment, the formulations and method of the
present invention may be administered with other treatments
that are effective in treating anemia. In one embodiment,
other treatments include iron supplements, vitamin B12
supplements, additional sources of erythropoietin, andro-
gens, growth 